(12) INTERNATIONAL APPLICATION PUBLISERED UNDER THE PATENT COOPERATION TREATY (FCT)

{19) Werld Intelleciual Property
Organization
Infemational Bureau

{43) Infernational Publication Bafe
11 August 2865 (11.08.2008)

PCY

{18) Internafional Publication Number

WO 2005072778 A2

AGIK 47/48

{31) International Patent Classification”:

(21) International Application Number:
PCTAIS2005/03040

{22} International Viling Date: 27 Januvary 2005 (27.01.2005)
{25) F¥iling Language: Fnglish
{25) Publication Language: Bnglish
{30) Priovity Data:

6{/539,573
6589019

29 January 2004 (29.01.2004) US
20 July 2004 2007.2004)  US

(71) Applicant (for «fl devignated  Stites  excepr 1Sk
BIOSYNEXUS, INC, [US/US} 9298 Gaither Road,
(Gaithersburg, MU 20877 (US).

{72) Invenior; and

{78) Inventor/Applicant (for US onlyj: LEES, Andrew
{US/US]; 1910 Glen Ross Road, Silver Spring, MD 20910
Us.

. (74) Agent: BURN, Brian;, Min, Hsieh & Hack LLP, o/o Port-
foliolF, P.O. Box 52050, Minneapolis, MN 53402 (US).

. (81) Designated States (unless otherwise indicared, for every
kind of narional prorection available)s AE, AG, AL, AM,
AT, AU, A, BA, BB, BG, BR, BW, BY, BZ, CA, CIL CN,
CO, CR, CU, CZ, DE, DK, DM, D7, BC, BE, BG, BS, T,
GB, GD, GE, GH, GM, HE, #U, ID, IL, N, I8, JP, KE,
KG,KP KR KZ LO LK LR LS LF LU IV, MA, MD,
MG, M, MN, MW, MX, M7, NA, N{, NG, NZ, OM, PG,
PiL, PL, PT RO, RU, SC, SB, BE, 8G, SK, 8L, 8Y, 11, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VO, VN, YU, ZA, 7M,
LW,

{84y Designated Siates (unless otherwise indicated, for every
kind of regional protection avaitablej: ARIPO (BW, (GH,
GM, KE, LS, MW, MZ, NA, 3D, 5L, §&, T4 UG, ZM,
W), Burasian (AM, AY, BY, XG. KZ, MDDy, RU, T], T™),
Buspean (AT, RE, BG, CH, CY, CZ, DE, DK, EE, BS, ¥,
FR, GB, GR, HU, IE, IS, IT, E1, LU, MC, NL, PL, FI, RO,
SE, 81, SKL TR QAPURE, BY, CF CG, CL CM, GA, QN
G, GW, ML, MR, NE, SN, 1D, TG

BPeclarations nnder Rufe 4,17

----- as 1o applicant’s entitiement o apply for and be granted
¢ patend { Rude 4.17(i)) for the following designarions AE,
AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ,
CA, CH, ON, (O, UR, CUL C4, DE, DK, D3, U4, EC, BE,
&G ES FiGR, GD, GE, GH, GM, HR, 83U, (D, 1., IN, IS,
JPKE, KG, K8 KR, K7, 1.C, LK, LR LS, LT, LU, LY, M4,
MO, MG, MK, MN MW, MX, M7, NA, Ni, NO, N7, OM,
PG, PH, PL, PT, RO, RU, SC, SD, §E, §G, 5K, SI, SM, §%,
TLEM TN TR T TE, UA, UG, UZ VC YN YU, ZA,
EM, ZW, ARIPO patest (BW, GH, GM, KE LS, MW, MZ,
NA, 8D, 8L, 87, T7, UG, ZM, ZW), Eurasian patent (AM,
AZ BY, KG, K7, MR, RU, TEL TM), European patent (AT
BE BG, CH, CY, CF, DE, DK, EE, ES, FI, FR, GB, GR,
HU JE &S, 0 L7 LU, MO, NL, PL, PT RO, SE, SEL SK
TR), OQAPI patens (BE, BI, CF, CG, Cl, CM, GA, GN, GQ.
GW, ML, MR, NE, SN, TD, TG)
s 1o the appiicant’s entidement (o claim the priosity of the
eqrtier application (Rule 4.17(iii}} for aff designations

""" as 1o the applicant s evaitlement to claim the priority of the

Published:
””” without international search veport and o be republished
wpon receipt of that repory

For twe-leiter codes and other abbreviations, refer to the "Guid-
ance Nates on Codes and Abbreviations” appearing ai the begin-
uing of each regular issue of the PCT Gazeite.

{§7) Abstract: The invention

ing molecule functional T

ized via at least one oxime hinkage.

e
-
o
?\,
L
I~
e~
&
o,
T2
<
=
&3
<

{54 Title: USE OF AMING-OXY FUNCTIONAL GROUPS IN THE PREPARATION QF VACCINES

ates to a process for preparing a conjugate comprising combining an amine-oxy homofunctional or
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Use of Amino-Oxy Functional Groups in the Preparation of Vaccines

This application claims benefit of priority of U.5. Provisional Application
Nos. 80/538,573 filed January 28, 2004, and 60/589,019, filed July 20, 2004,

Background of the invention

The prasent invention relates to a process of covalently linking proteins and
polysaccharides fo form conjugate vaccines comprising a reaction between
carbonyi-containing groups and amino-oxy functional groups.

In the process of vaccination, medical science uses the body's innate ability
to protect itself against invading agents by immunizing the body with antigens that
will not cause the disease but will stimuiate the formation of antibodies that will
protect against the disease. For example, dead organisms are injected to protect
against bacterial diseases such as typhoid fever and whooping cough, toxoids are
injected to protect against tetanus and diptheria, and altenuated organisms are
injected to protect against viral diseases such as poliomyelilis and measles.

it is not always possible, however, to stimulate antibody formation merely
by injecting the foreign agent. The vaccine preparation must be immunogenic,
that is, it must be able to induce an immune response. Cerfain agents such as
tetanus toxoid can innately trigger the immune response, and may be
administered in vaccines without modification. Other important agents are not
immunogenic, howaver, and must be converted into immunogenic molecules or
constructs before they can induce the immune response.

The immune response is a complex series of reactions that can generally
be described as follows: (1) the antigen enters the body and encounters antigen-
presenting cells that process the antigen and retain fragments of the antigen on
their surfaces; (2) the antigen fragments retained on the antigen-presenting cells

are recognized by T cells that provide help to B cells; and (3} the B cells are
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stimulated {o proliferate and divide into antibody forming cells that secrets
antibody against the antigen.

Most antigens only elicit antibodies with assistance from the T cells and,
hence, are known as T-dependent (TD). Examples of such T-dependent antigens
are tatanus and diphtheria toxoids.

Some antigens, such as polysaccharides, cannot be properly processed by
anfigen presenting cells and are not recognized by T cells, These antigens do not
require T cell assistance {o slict antibady formation but can activate B ceils
directly and, hence, are known as T-independent antigens (T}, SuchT-
independent antigens include H. influsnzae type b polyribosyl-ribitol-phosphate
(FRP) and preumococcal capsular polysaccharides.

There are other differences between T-independent and T-dependent
antigens.

A) T-dependent antigens, but not T-independent antigens, can prime an
immune response so that a memory response results on secondary challenge
with the same antigen.

8) The affinity of the antibody for antigen increases with time after
immunization with T-dependent, but not T-independent antigens.

C} T-dependent antigens stimulate an immature or neonatal immune
system more effectively than T-independent antigens,

D) T-dependent antigens usually stimulate igh), IgG1, 1gG2a, and igk
antibodies, while T-independent antigens stimulats Igh, 1gG1, 1gG2b, and IgG3
antibodies.

T-dependent antigens can stimuiate primary and secondary responses,
which are long-lived in both adult and in neonatal immune systems, but must

frequently be administered with adjuvants (substances that enhance the immune

(38
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response). Very small proteins, such as peptides, are rarely immunogenid, even
when administered with adjuvants.

T-independent antigens, such as polysaccharides, are able {o stimulate
immune responsas in the absence of adjuvants, but cannot stimulate high level or
projonged antibody responses. They are also unable to stimulate an immature or
B celi defective immune system (Mond, J. J., Immunological Reviews, 84:98
(1882); Mosier, D. E. et al, J Immuncl, 1181874 (18773}

For T-independent antigens, i is desirable {o provide protective immunity
against such antigens to children, especially against capsudar polysaccharides
found on organisms such as H. influenzas, 8. pneumoniae, and Neisseria
meningidits.

One approach to enhance the immune response to T-independent antigens
involves conjugating polysaccharides such as H. influenzae PRP {Cruse, J. M,
Lewis, R E. Jr., eds., Conjugate Vaccines in Coniributions to Microbiology and
immunciogy, Vol 10, (1988}, or oligosaccharide antigens (Anderson, P. W. etal,
4 immunod, 142.2484, (1988) {o a T-dependent antigen such as tetanus or
diphtheria toxoid. Racruitment of T cell help in this way has been shown to
provide enhanced immunity to many infants that have been immunized.

Protein-polysaccharide conjugate vaccines stimulate an anti-
polysaccharide antibody response in infants who are otherwise unable to respond
fo the polysaccharide alone.

Conjugation of a protein and a polysaccharide may provide other
advantageous results. For example, Applicant has found that a
protein/pelysaccharide conjugate may enhance the antibody response not only {o
the polysaccharide component, but also to the protein compoenent. This effect is
described, for example, in U.S. Patent No. 5 855,079, This effect also is

described in A, Lees, et al,, Vaccine, 12(13):1160 {1994).
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Technigues have been developed o facilitale coupling of proteins and
polysaccharides. Ses, for example, Dick, W. E. ef al., "Glyconjugates of Bacterial
Carbohydrate Antigens: A Survey and Consideration of Design and Preparation
Factors,” Conjugate Vaccines (Eds. Cruse, et al), p. 48 (1888). Many techniques
for activation of carbohydrates, however, are not suitable for use in agueous
madia because the activaling or functional reagends ars not stable in water. For
example, N, N'-carbonvidiimidazole, as described in Marburg et al., U.S. Paient
No. 4,895 824, must be used in arganic media.

Homofunctional and heterofunctional vinylsulfone reagents have been used
{o activate polysaccharides. The activaled polysaccharides are reacted with a
protein, peptide, or hapten, under appropriate reaction conditions, to produce the
conjugate. This is described in more detall in U.S. Patent No. 6 308,646, Another
method for producing conjugate vaccines comprises mixing a uronium salt
reagent with a soluble first molety, such as a polysaccharide or carbohydrate, and
gombining therewith a second moiety, such as a protein, peptide, or carbohydrate,
to form the conjugate vaccine. This method is described in U.S. Patent No.
6,299,881

Most carbohydrates must be aclivated before conjugation, and cyanogen
bromide (CNBr) is freguently the aclivating agent of choice. See, e.g., Chu at al
inf. & Imm., 40:245 (1883}, The first licensed conjugate vaccine was prapared
with CNEBr to activate HIB PRP, which was then derivatized with adipic
dihydrazide and coupled to tetanus toxoid using a water-soluble carbodiimide.

The use of 1-cyano-4-(dimethylaminol-pyridinium tetrafluorcborate, also
cailed "CDAP,” has been described for use in aquecus media to aclivale
polysaccharides. These activated polysaccharides may be direclly or indirectly
coupled to proteins. The use of CDAP is describad in, for example, U.S. Patent

MNo. 5,849,301 and in Lees, et al., “Activation of Soluble Polysaccharides with 1-
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Cyanc-4-Dimethylamino Pyridinium Tetrafluoroborate For Use in Protein-
Polysaccharide Conjugate Vaccines and Immunological Reagents,” Vaccine,
14(3):190 {1996},

To briefly summarize the CNBr-activation method, CNBr is reacted with the
carbohydrate at a high pH, typically a pH of 10 to 12. Al this high pH, cyanate
esters are formead with the hydroxyl groups of the carbohydrate. These, in turn,
are reacted with a bifunctional reagent, commonly a diamine or a dihydrazide.
These derivatized carbohydrates may then be conjugated via the bifunctional
group. In certain limited cases, the cyanate esters mav also be directly reacted to
protein,

The high pH is necessary o ionize the hydroxyl group because the reaction
requires the nucieophilic attack of the hydroxy! ion on the cyanate lon (CN'). As a
result, CNBr produces many side reactions, some of which add nec-antigens to
the polysaccharides. Wilcheck, M. et al., Affinity Chromatography. Meth.
Enzymol, 104:3-55 (1984). More importantly, many carbohydrates or moieties
such as Hib, PRP, and capsular polysaccharides from and pneumoscoccal type 8
and Neissaria meningitis A can be hydrolyzed or damaged by the high pH
necessary to perform the cyanogen bromide activation.

Another probiem with the CNBr aclivation method is that the cyanate ester
formed is unstable at high pH and rapidly hydrolyzes, reducing the yield of
derivatized carbohydrate and, hence the overall yield of carbohydrate conjugated
to protein. Many other nonproductive side reactions, such as those producing
carbamates and iinear imidocarbonates, are promoted by the high pH. This effect
is deseribed in Kohn et al., Anal Biochem, 115:375 (1881). Moreover, CNBr iself
is highly unstable and spontaneously hydrolyzes at high pH, further reducing the

overall vield,
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Protein-polysaccharide conjugate vaccines may also be formed via
reductive amination. in this method, aldehydes on the polysaccharide are reacted
with amines on the protein to form a reversible Schiff base. The Schiff base is
subsequently reduced fo form a stable linkage between the amine and the
aldehyde. This process is beset by a number of problems. The formation of the
Schiff base is slow and inefficient, and the overall reaction is further impeded by
the large size of the two components (i.e., the polysaccharide and protein), which
need to be in close proximity with sach other in order (o react. Inorder o
ovarcome this problem, the polysaccharide is often broksn down into
ofigosaccharides prior to coupling.

The use of dimethyisulfoxide (DMSO) promotes the formation of the Schiff
basa, bul this organic solvent can harm the protein. Sometimes & mullistep
protocol is used, in which a spacer group (8.¢., hexane diamine or adipic
dihvdrazide) is added to the polysaccharide via reductive amination, and this
spacer is subsequently ligated io the prolein. Using a high conceniration of the
spacer helps o force ths reaction and increase the yield. Elevaled lemperatures
and prolonged reaction times are also used to promote the reaction. However,
these can also be defrimental 1o the profein and the polysaccharide. Furthermore,
as amines must be deprotonated o react with aldehydes, the Schiff base
formation usually requires the use of alkaling solutions, Le., solutions atapHz 8
Prolonged reactions at elevated temperature and pH can be detrimental to both
the protein and the polysaccharide. Furthermors, the reductive step, which
usually involves the use of cyancborohydride or pyridine-boranes, can be
inefficient and deletericus to the protain. Also, these reagents ¢an be hazardous
to work with in fargs quantities. A further imitation of the reductive amination
method is the highly random nature of the linkage sites between the protein and

the polysaccharide.
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Accordingly, there remains a need in the arl for an efficient and effective
process for preparing conjugate vaccines.

Summary of the Invention

One embodiment includes a process for preparing a conjugate vaccing,
5 comprising:

{a) reacting a firs{ moiety containing at least one carbonyl-containing group
with at least one amine-oxy reagent to form at least ons pendent functional group
on the first moiety, wherein the first molety is chosen from polysaccharides,
glignsaccharides, carbohydrates, and carbehydrate-containing molecules;

16 (k) reacting the first molsty containing at least one pendsant functional group
with a second moletly to form a composition comprising a conjugate, wherein the
second moiety is chosen from proteins, peptidas, and haptens; and

{¢} combining the conjugate with a pharmaceutically accepiable delivery
vehicle fo form a conjugate vaccine,

15 Another embodiment includes a process for preparing a conjugate vacoins,
comprising:

{8) reacting a first moiety containing at least one pendent amino-oxy group
with a second moiety to form a composition comprising a conjugate,

(b} wherein the first molely is chosen from polysaccharides,

20 ohgosaccharides, carbohydrates, and carbohydrate-containing molecules, and the
second moiety is chosen from proteins, peptides, and haptens,; and

{¢) combining the conjugate with a pharmaceutically acceptable delivery
vehicle to form a conjugate vaccine,

Another embodiment includes a process for preparing a conjugate vaceine,

25 comprising:

(a) reacting a first molety chosen from polysaccharides, oligosaccharides,

carbohydrates, and carbohydrate-containing molecules, with

~3
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{b} a second moiety reacted with at least one amino-oxy reagent, whersin
the second molety is chosen from proteins, peptides, and haplens, to form a
compesition comprising a conjugate; and
{c} combining the conjugate with a pharmaceutically acceptable delivery
5 wvehicle to form a conjugate vaccine.
Yet ancther embodiment includes a process for preparing a conjugate
vaccing, comprising:
{a) reacting a first molety with a second moiety containing at least one
pendent amino-oxy group to form a composition comprising a conjugats,

10 wherein the first moiety is chosen from polysaccharides, oligosaccharides,
carbohydrates, and carbohydrate-containing molecules, and the second molety is
chosan from proteing, peplides, and haplens; and

{b) combining the conjugale with a pharmaceutically acceplable delivery
vehicle to form a conjugate vaccine.

18 A further embodiment includes a process for preparing & conjugate
vaseine, comprising:

{a) providing a first molety chosen from polysaccharides, oligosaccharides,
carbohydrates, and carbohydrate-confaining molecules;
(b providing a second moiety chosen from N-terminal 1,2-aminoalcohols:

20 which ¢can be oxidized {o contain al isast one aldehyde group,

{¢} functionalizing said second moiety with at least one aminc-oxy reagent;
{d) reacling said first moiety with the functionalized second moiety to form
3 composition comprising & conjugate,; and
{8) combining the conjugate with a pharmaceutically acceplable delivery
25  vehicle io form a conjugaie vaccine,
A further embodiment includes a process for preparing a conjugate

vaccine, comprising:
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{(a) reacling a first molety containing at least one pendent amino-oxy
group, wherein the first molety is chosen from polysaccharides, oligosaccharides,
carbohydrates, and carbohydrate-containing molecules;
(b} reacting the first moiety with a second moiely o form a composition
5  comprising a conjugate, wherein the second moisty is chosen from glycoproteins
containing at least ene carbony! group,; and

{c} combining the conjugats with a pharmaceutically acceptable delivery
vehicle to form a composition comprising an conjugate vaccine.

Still another embodiment includes a process for preparing a conjugate

10 vaccing, comprising:

{a) reacting a first moiety chosen from polysaccharides, oligosaccharides,
carbohydrates, and carbohvdrate-containing molecules with a second molely
chosen from proteins, peptides, and haptens to form a composition comprising a
conjugate,

15 {p} wherein the first molety contains at least one reducing end derivatized
with an amino-oxy reagent, and

{} combining the conjugale with a pharmaceutically acceptable delivery
vehicle to form a conjugate vaccine.

BRIEF DESCRIPTION OF THE DRAWINGS

20 Figure 1 is an SDS-pags chromatogram showing a high degree of protein-
polysaccharide conjugation.
Figure 2 is an SDS-page chromatogram showing BSA-polysaccharide
conjugation.
Figure 3 shows the resulls of a resorcingl assay for protein and
25  carbohydrate of fractions eluting from an S-400HR™ {Pharmacia) gel filtration

Coiumn.
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Figure 4 shows an SDS-PAGE chromatogram indicating the occurrence of
protein-polysaccharide conjugation.

Figures 5A-5D indicate the presence of higher molecular weight conjugates
of fractions eluting from an S-400HR™ (Pharmacia) gel fillration column,

Figure 8 is an SDE-PAGE chromalogram showing the presence of
conjugate fractions.

Figure 7 is a chromatogram comparing 8 conjugale with its unconjugated
components.

Figure 8 tlustrates the results of an gpscnic assay.

Befinitions

Aminc-oxy reagent refers 1o a reagent with the structure NH-O-R. K can
be any group capable of bonding to the amino-oxy nitrogen. According fo one
aspect of the disclosure, R is a functional group, e.g., an aming, thiol, or other
chemical group facilitating coupling o, e.g., a protsin.

Conjugate means {o chemically link or join togsther.

Functionalize means (o add al lsast one group that facilitates further
reaction. Typical functional groups include aming-oxy, thiol, maleimide, halogen,
haloacyl, aldehyde, hydrazide, hydrazine, and carboxyl. Other funclional groups
would be well known to the person of ordinary skill in the art and can be found
discussed in Hermanson, Bioconjugation Technigues.

Hapten refers to a small molecule such as a chemical entity that by iiselfis
not able to elict an antibody response, but can elicit an antibody response once it
is coupled to a carrier.

Homofunctional, when discussing an amino-oxy reagent, refersto a
reagent that has at least two aming-oxy functional groups. The homofunctional
ageni may be homaobifunclional or homomultifunctional, i.e., having two, three,

four or more amino-oxy funclional groups.

16
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Hetercfunctional, when discussing an amino-oxy reagent, refers fo a
reagent that has at least one aminc-oxy funclional group and at least one other
non-aming-oxy funclional group. The heterofunctional agent may be
haterobifunctional or heteromuliifuncional, i.e., having two, three, four or more
amine-oxy functional groups. i may also have more than one gther non-aming-
oxy functional group, such as two, three, or four or more, of gither the same type
or different types.

Moiely refers (o one of the parts of a conjugate.

Pendent functional group refers fo a functional group that is exists on or
is exposed on a molecule.

Spacer refers {o an additional moelecule that is used to indirectly couple the
first moiety fo the second moiety.

Detailed Description of the Invention

A Strategy for Conjugation

The present invention provides an alternative to prior art processes for
preparing conjugate vaccings. Specifically, the invention provides for new
methods of conjugating a first molety to a second moiety, where the first molety is
chosen from polysaccharides, oligosaccharides, carbohydrates, and
carbohydrate-containing molecules and the second molety is chosen from
proteins, peptides, and haptens, and the conjugation proceeds using al least one
amino-oxy functional group

There are a number of ways of reacting the first and second moiety within
the scope of the invention and 2ach of these methods rely on using at lgast one
MiNe-oxy group in the process.

At least one aminc-oxy reagent with one aming-oxy group may be reacted
with the first molety to form a composition with at least one non-aminoe-oxy

pendent functional group.

11
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At least one amino-Oxy reagent with more than one amino-oxy group may
be reacted with the first molety to form a composition with at least one aminc-oxy
pendent functional group. In this embodiment, there may oplionally additionally
he present at least one non-amino-oxy pendent funclional group.

Al least one amino-oxy reagent with one amino-oxy group may be reacted
with the second moiety to form a composition with at least one non-aming-oxy
pendent functional group.

At least one amino-oxy reagent with more than one amino-oxy group may
be reacted with the second moiety to form a composition with at least one aming-
oxy pendent functional group. in this embodiment, there may optionally
additionally be present at least one non-amino-oxy pendent functional group.

Thus, in this invention, at least one of the first moisty and the second
moiety will be reacted with an amino-oxy reagent, and will resull in a composition
with at least one pendent functional group (at least one of an aminc-oxy or non-
amino-oxy pendent functional group). it is possible to functionalize both the first
molety and the second moiety according to any combination of strategies 1 or 2
(first molety) and 3 or 4 (second moisty), as set forth immediately above. In
another embodiment, either the first molety or the second moiety may be
functionalized.

The first moiety and the second moisty may then be conjugated together.
This conjugation may procesad directly, by linking the pendent functional group on
the first moiety directly to the second molety. Alternatively, this conjugation may
proceed indirectly, by linking the pendent functional group on the first molety to an
additional agent called a spacer, which is then linked to the second maoiety.
Certainly, a similar strategy may be followed with a pendent functional group on
the second molety, simply by reversing the positions of the first and second

maoiety.
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8. The First Moisty: Polysaccharide, Oligosaccharide, Carbohydrate,
and Carbohydrate-Containing Molecules

As used herein, “‘carbohydrate” means any soluble moncsaccharide,
disaccharide, oligosaccharide, or polysaccharide. Examples of suitable
polysaccharides for use in the process of the inverntion include bacterial, fungal,
and viral polysaccharides. Soluble polysaccharides (.., polysaccharides present
in solution), such as water-soluble polysaccharides, are suitable for use in
accordance with the present invention. Specific examples of suitable
polysaccharides include Saimonetlia typhi Vi antigen, Neisseria meningidilis
polysaccharide C; and Pneumaococcal polysaccharides, such as Pneumococeal
polysaccharide type 14

According to certain embodiments of the present invaention, the
carbohydrate is naturally occurring, a semisynthetic, or a totally synthetic large
molecular weight molecule. According to one embodiment, at least one
carbohydrate-containing moiety is selected from E. coli polysaccharides, S
aureus polysaccharides, dextran, carboxymethyl cellulose, agarose,
Pneumococcal polysaccharides (Pn), Ficoll, Cryplococcus neoformans,
Hasmophilus influenzae FRP, P. aeroginosa, S. pneumoniae, Group Aand B
streptococcus, N meningitidis, and combinations thereof,

According to one embodiment, the carbohydrate-containing moisty is a
dextran. As used herein, "dextran” (dex) refers to a polysaccharide composed of
a single sugar, which may be obtained from any number of sources {e.g.,
Pharmacia). Ancther preferred carbohydrate-containing moiety is Ficoll, which is
an inert, semisynthetic, non-ionized, high molecular weight polymer. Additional
non-limiting examples of moieties that may be used in accordance with the
present invention include lipopolysaccharides ("LPS"), lipooligopolysaccharides

{(“LOS™, lipotechoic acid ("LTA"), deaceylated LPS, deaceylated LTA, delipidated

13
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LPS, delipidated LTA, and related molecules. Generally, a carbohydrate-
containing molecule that has been coupled using reductive amination requires the
formation of an aldehyde moiety. In those instances, for example, these
aldehydes may also be coupled using amino-oxy chemistry described herein.

Reductive amination has been used to couple LPS and LOS, both of which
can be coupled using aminc-cxy chemistry. Examples of coupling of LPS and
LOS using reductive amination chemistry may be found in Mieszala et &l
Carbohydrate Research, 3381167 (2003); Jennings et al,, inf. & Immun., 43:407
(1984); and U.S. Patent No. 4,683,160,

C. The Second Molety: Proteins, Peptides and Haptens

In accordance with the present invention, various different proteins can be
coupled to various different polysaccharides. The following list includes examples
of suitable proteins that may be used in accordance with the invention: viral
proteins, bacterial proteins, fungal proteing, parasitic proteing, animal proteins,
Glycoproteins from any of the above saurces may also be used toform a
conjugate with the first moiety. Lipids, glycolipids, peptides, and haptens are also
suitable for use as a second meiety in this invention. Haptenated proteins, Le,,
proteins derivatized with haptens, are also sultable for use as a second moiety in
this invention.

Specific proteins include tetanus toxoid (TT), pertussis toxoid (FT), bovine
serum albumin (BSA), lipoproteins, diptheria toxoid (DT), heat shock protein, T-
cell superartigens, protein D, CRM187, and bacterial suter-membrane protein. All
of these protein starting materials may be obtained commercially from biochemical
or pharmaceutical supply companies (8.9, American Tissue Type Collection in
Rockvilie, MD or Berna Laboratories of Florida) or may be prepared by standard

methodologies, such as those described in J. M. Cruse and R E. Lawis (Eds),

14
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“Conjugate Vaccines in Contributions o Microbiclogy and Immunology”, Vol 10
{1989).

B Methods for Functionalizing the First or Second Maoiety with an
Amino-Oxy Group

The amino-oxy (also referrad {0 as oxy-aming, aminc-oxy, aminooxy, and
amino-oxy) functional group, NH-O-R, has a lower pKa than the amines found on
proteins, and is nucleophilic at much lower pH. Aminoc-oxy groups react well with
carbonyl-containing groups, e.g., aldehydes and ketones, o form highly stable
oximes. The optimum pH for the reaction can range from 4 to 8, for example from
5to 7. According (o one aspect of the invention, the optimurn pH is around 5.
Since oximes are stable, the reductive step in the reductive amination process,
discussed above, is optional. The high efficiency of the reaction may result in
shorter reaction imas. Furthermore, it is possible to exert some control over the
reaction sites between the complemeantary reagents. By contrast, the reaction of
hydrazides and amines with groups such as, for example, kelones, is slowsr and
far less efficient.

The protein and polysaccharide are functionalized with complementary
oxime-forming groups, and reacted fo form oxime-linked protein-polysaccharide
conjugate vaccines. According to one aspect of the invention, the protein is
directly linked to the polysaccharide.

According to one embodiment, there is provided a process comprising
combining an aming-oxy homofunctional or hetercfunctional reagent with an entity
chosen from polysaccharides, oligosaccharides, carbohydrates, and
carbohydrate-containing molecules containing at least one carbonyl group, o form
a polysaccharide, oligosaccharide, carbohydrate, or carbohydrate-containing
molecule functionalized via at least one oxime linkage. Functionalized means to

add a group which facifitates further reaction, for example, thiol, carboxy, amino-

13
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oxy, halogen, aldenhydes, and the like. This embodiment may be Hlustrated by the

following non-imiting ilustration (‘Ps” denotes a polysaccharide):

O

f
Py {QH)y e Pa-{(-CH), e 3. (CH = M- OR},

Mal, R-ONH;
1-10 mid Oxidizad Aminc-oxy reagent Oxime
PRS <5

R is a functional group, €.g., an aming-oxy, amine, thiol, or other chemical group,

o

such as those listed below, for facilitating coupling 1o the protein:

NHp==G(CHy, 02 Bis amingo-oxy reagent

x>0

X /).ms P (6 S I W o] * O Dithiopyridy! amino-oxy reagent
N

(x>0
NH,~=OCHH{CH 3, ~GHy~ &8 THp(CHgjy — Ty Bis aminc-oxy reagent with disulfide

xz G
0O

i
R -G ~—{CHy), ~CHgmm

(x=0)
0

I
HO e ==({Hn), —CHp— For x = §, amino-oxy acetic acid (A0AC)

The at least one pendent functional group is then reacted directly or
indirectly with the protein moiety o vield a protein-polysaccharide conjugate.

10 According to ancther embodiment, the protein is functionalized with at least
one pendaent amino-oxy group, which is subsequently reacted with a carbonyl
group on a polysaccharide, oligosaccharide, carbohydrate, or carbohydrate-
containing moiety. The carbony! group is formed with, for gxample, sodium
periodate. For example, in the case of a polysaccharide, the functionalized

15 protein is reacted with the polysaccharide to form a protein-polysaccharige

conjugate. The following scheme illustrates a non-limiting aspect of this process:

16
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EDC PBS \
Frotein —— C0pH i Protein — <ONH2)
n

Bis AQ reagent

O 1 or 2 Steps

Py — PG v b b /!t may not be necessary
MaiC, to remove excess NalG, or to quench

-
‘\\ excess reagent

guench reaction with NH,OH i CH === N ——0~ Profein

Methods for functionalizing a profein with an aminc-oxy group are known o
5 those of ordinary skill in the art. The protein can be functionalized with amino-oxy
groups chemically, enzymatically or by genetic engineering. Described herein are
methaods for functionalizing the protein on either amines or carboxyl groups, and
for controlling the number of amine-oxy groups on the protain.
in yet another embodiment, the polysaccharide is funclionalized with
10 pendent amino-oxy groups and subseguently reacted with a glycoprofein
containing carbonyl groups. These may be present, for example, by oxidizing the
carbohydrate on the glycoprotein. Aldehydes may be created by selective
oxidation of N-lerminal serine or threonine,
in accordance with the present invention, for example when the
15 polysaccharide, oligosaccharide, carbohydrate, or carbohydrate-containing moiety
is functionalized with an amino-oxy group, the protein advantageously containg at
least ons carbonyi group in the form of e.g., a ketone or aldehyde moiety.
Aldehydes may be created on proteins containing an N-terminal serine or

threonine, and the resulting profein can be reacted with an amino-oxy reagent,
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thus uniquely functionatizing the N-terminal. This monovalently-functionalized
protein can then be reacted directly, for example, with a carbonyl-containing
polysaccharide, if the amino-oxy reagent is homofunctional or indirectly, using
spacers. N-terminal sering or threonine can occur naturally, or be engineered into
a protein.

in the instances where the protein is funclionalized with at least oneg amino-
oxy group, the polysaccharide, oligosaccharide, or carbohydrate contains at least
one carbonyl group. The carbony! groups may be a natural part of the
polysaccharide structure, e.g., the reducing end of the polymer, or created, for
example, by oxidation. Reductive amination has been widely used to produce
protein-polysaccharide conjugates. As a result, means to produce carbonyl
containing polysaccharides are well-known to those versed in the arl.

Some polysaccharides contain a reducing sugar on their end, e.g., Hib
PRP and Neisseria PsC. These contain aldehydes as herniacetals and can be
reacted with aminc-oxy reagents. Additional aldehydes may be created by
specific degradation of the polysaccharide. General procedures are described in,
for example, Lindberg et al, “Specific Degradation of Polysaccharides - Adv in
Carbohydrate Chemistry and Biochemistry,” Tipson et al,, eds. Vol 31, pp. 185-
240 {Academic Press, 1975). For example, when PRP is oxidized with sodium
pericdate, the polysaccharide chain is cleaved so as to produce oligosaccharides
with an aldehyde on each end.

Many cther methods for creating aldehydes are known to those versed in
the arl. For example Jennings et al, U.8. Patent No. 4,355,170 entitled
“Immunogenic Polysaccharide-Protein Conjugates”, Tai et al, U.S. Patent No.

5 425 946 entitled “Vaccines against Group C Neisseria Meningitidis”, Porro, UG
Patent No. 5,308,492 entitled "Oligosaccharide Conjugate Vaccines”, Yang et al,

U5, Patent No. 5,681,570 entitled “Immunogenic conjugate molecules’

18
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Constantino et al., “Development and phase 1 clinical testing of a conjugate

vaccing against meningococcus A and C Vaccine 10:681 (1892); Laferriere et

al., “The synthesis of Streptococcus pneumoniag polysaccharide-letanus toxoid

conjugates and the effect of chain length on immunogenicity,” Vaccine, 15:178
5 (1997}

In accordance with the present invention, it may be desirable o add
aldehyde moleties to proteins and/or polysaccharides. Those of ordinary skill in
the art will appreciate that there are many acceptable methods for doing so.
Suitable non-limiting examples of methods to add aldehydes to proteins and

10 polysaccharides include the following:

1. Hydroxyl groups are reacted with chlorchexanol dimethyt acetal in a

base, and the masked aldehyde is subsequently revealed by mild acid hydrolysis.

Dick ot al., Conjugate Vaccines (Eds. Cruse, et al), pp. 81-83 (1989).

Scheme & ) ; ) ,
j EQ § MR § o uMu.(g,bg,;f\mcrce:,v.ﬁi,mp ‘E‘,..,Q,«m"{:}-;._)g»f-""c!‘:i':)?\""'i)'w
fen M JRE——— gl 3 B -
15 § 1 A 3
!
Y0
Prajein -, e 1,
i.wowu:segs iy e B by~ PRORGEN g T R :“" oyl ~er L
g b3
20 2. Glucouronic lactone and sodium cyanoborohydride are used ©

reductively aminate protein amines. Saponification is used to open the laclone.

The sugar is then oxidized o an aldehydes using sodium periodate.

Scheme B
25 CHCHH g - G\%
- i £ M/ §
g ¥ NBHON <Q Q—
Ty g 'i I 6§ fw i
O e i "
? Pt 3 HO i /
¢ Gt ,'iro‘"' a
/? /gﬁz
HO '

19



WO 2005/672778 PCT/US2005/603040

3. A carboxylated carpohydrate, for example, glucuronic acid, galactaric
acid, glyceric acid, or tartaric acid is added to protein amines using a carbodiimide
reagent. The glycosyiated protein Is then oxidized fo create aldehyde moieties

5 using sodium periodate.

o g
it N [
"y
[C LI O P i
HG Lt )“"").‘
H-beon A bk
O 27,1632
4
AR ARELY
10 Galactaric acid Glucuronic acid

& Aldehydes can also be created via enzymatic oxidation, using suilable
oxidizing enzymes such as, for example, glucose oxidase, galactose oxidase, and
neurominidase. For example, neurominidase may be used to remove ferminal
sialic acid, followed by galactose oxidase. (Hermansen, Bloconjugation

15 Technigques, p. 116-117}

5. Chemical addition of aldehydes to amines on profeins or
polysaccharides can be effected using succinimidyi-p-formyl benzoate or
succinimidyi-p-formylphenoxyacetate. These NHS esters of aldehydes react with

amines and result in the addition of an aldehyde.

v .“N
Ov -
H
5FB
Succinimigyl-p-formyl benzoate
MW 247
O
25 O %{«/\\

H SFPA
Succinimidyl-p-fommyiphenoxyacsiate
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8. Still another method uses the reaction of a bis-aldehyde {(e.g.,

gluteraldehyde) with an amine, {Hermanson, Bioconjugalion Technigues, p. 118

120).
Scheme C
&
H H
MaCNBH, ] A
] hrl, 3 04;\,./\/%0 sy \ﬁf SR
Ghutareigehyde Raductbe Aminnation

it Emt Groch
7. Another suitable process is the addition of glyceraldehydes to protein
10 amines using reductive amination, followed by oxidation with sodium pericdate to
create aldehydes.

Optionally, if the conjugate contains residual free aminc-oxy groups or
aldehydes, and if it is desired fo quench these groups, an additional step may be
taken. One of the methads for quenching a conjugate having an aldehyde is by

15 reduction, &.q., using sodium borchydride. Allernatively, residual carbonyls may
be quenched with a mono aminc-oxy reagant, €.g., amino-oxy-acetate. Residual
amino-oxy groups can be quenched with & monofunctionalcarbonyt, e.g.,
glyceraidehyde, acetons or succinic semialdehyde.

£ Amino-Oxy Reagents

20 The preparation of conjugate vaccines may be accomplished by the use of
various amino-oxy reagents. A varisty of useful homaofunciional and
heterofunictional aming-oxy reagents may be prepared by one skilled in the art,
and may also be obtained from Solulink, Inc.™, 8853 Pacific Heights Bivd,, Suite
H, San Diego, California 82121, and still others are described in the hiterature.

25  Many more can be conceived of and easily synthesized. Toyokuni et al,,

“Synthesis of a new hetercfunctional linker, N-[4-{(aminc-oxyjbutyllmalelmide for
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facile access {o a thiokreactive 18F-labeling agent.” Bicconjugate Chem. 14:1253
(2003).

Suitable non-limiting examples of reagents that may be used in accordance
with the present invention inciude those prepared by Solulink™ (San Diege,

5  California). For example, bis{amino-oxy)cystamine is a homofunclional aming-
oxy-reagent that can be converied 10 a heterofunctional thiol-amino-oxy reagent.
“Bog” is the art-recognized acronym for the t-butoxy carbonyl protecting group.
Boc-amino-oxy acetate can be used {o synthesize a number of suitable amino-oxy

reagents according to, for example, the following scheme:

a

BOC AGAc o BOG—NH-—— Q CHy o SO YT S
ENC .
-NH; ’%’ Deprotect
R . -CONENH,
~CG-NH; o)
10 ey G~ CHre e § e i e R

The ligands identified by R” are suitable, non-limiting examples of
nucieophilic ligands that may be used in accordance with the present invention.
The above reagents are based on 2-(Boc-amino-oxy) acetic acid, available
15  from Bachem (Prod. No. A4805.0058). Other useful starting reagents for making
amino-oxy reagents inglude N-Boc-hydroxylamine and N-Fmoc-hydroxylamineg.
These reagents are available from Aldrich Chemical. N-Boc-Hydroxylamine can

be used to prepars a useful amino-oxy reagent as follows!

BOC-NH-OH e ® BOCNH-DCH R

X CH RY
Deprotect
X= halide, e.p., By, CL T
R" is a functional group
20 NHO-CHR"
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Homofunclional amino-oxy reagents may be used in accordance with the
present invention. Suitable homofunclional amino-oxy reagents that may be used
include, for example, bis{amino-oxyethylene diamine, bis(aminc-oxy} butane, and
bis(amino-oxy)tetraethyiene glycol, all of which are known and can be prepared by

art-recognized methods. For example, bis(amino-oxyjbutane may be prepared as

follows:
Br-{CHyCHy)3-Br e BOCNHO-{CH,CHp - ONHBoOC
Excess
BOONH-OH Deprotect

¥

N5 G-{CHaCH ) -ONHy

Synthesis of various useful heterofunctional aminc-oxy reagents have been
described in the literature, for example Mikolajczyk et al., Bioconjugate Chem.
5636 (1994} (a maieirﬁide-aminanaxy reagent); Mikola & Hanninen Bioconjugate
Chem. 2182 (1892) (aming-oxy alklyamines); Webb & Kaneko Bioconjugate
Chem. 4:86 (1990) (amino-oxy- dithionitropyridyl reagents). Jones et al. describe
the synthesis of amino-oxy ethers from N-Boc hydroxylamine and alkyl iodides
and bromides, which provide another route to useful amino-oxy reagents. Dixoen &
Weiss, J. Org Chem. 49:4487 (1984), describe bis-aming-oxy reagents that may
be used in accordance with the present invention.

Ketones may be added to amines using, for example, reagents like NHS
jevulate (from Solulink™). Carbehydrate groups on a protein, e.g., glycoproteins,
can be oxidired to carbonyls with, for example, sodium periodate. In addition,
reverse proteslysis may be used to add carbonyls or amiNO-OXy groups as
described in Rose et gl., “Preparation of wall-defined protein conjugates using

snzyme-assistad reverse proteolysis,” Bloconjugate Chem. 2:154 (1881}, N-
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